Summary
Introduction
Cerebral angiography has been considered to be the method of choice for the detection of vascular malformations. In 1956, Crawford and Russell 5 introduced the term "cryptic" vascular malformations.
The majority of these cryptic vascular malformations are arteriovenous malformations (AVMs) 1, 3, 4, 9, 22, 23 that are less than 3 cm in size. Possibly due to their small size, partial or complete thrombosis, obliteration by hematoma, or high vascular resistance of the vascular component, the usual selective four-vessel angiographic investigation is often negative for shunting or early venous filling 7.
The sophisticated superselective angiography with new flexible micro catheters and high resolution digital subtraction angiography (DSA) is one of the techniques to reveal small vascular lesions 2,20,21. In combination with magnetic resonance imaging (MR) and computed tomography (CT), this procedure also helps to define the origin of hemorrhage 10,18 . In this report, we intend to elucidate the safety and efficacy of superselective angiographic exploration and embolization in patients with occult AVMs.
Case 1
History. A 61-year-old man presented with a sudden onset severe headache, but was conscious and neurologically intact except for mild nuchal dysesthesia. The CT and MR examinations during his first hospital admission showed a 5 mm intracerebral hemorrhage located in the left superior colliculus (figure lA). Cerebral angiography with DSA on admission was negative, recovery was uneventful, and the patient was discharged with mild nuchal dysesthesia.
Examination. Three months later, the patient was referred to our hospital. On physical examination, findings were normal apart from a minimal nuchal dysesthesia. MR revealed that the left superior colliculus was slightly atrophic but showed no evidence of hemorrhage suggesting absorption of the hematoma (figure 1B). In this case, radiological diagnosis of an intracerebral hemorrhage from cavernoma or micro-AVM was considered.
Operation and Postoperative Course. Under general anesthesia in the DSA suite, left vertebral angiography was first performed, but this ~ ... 
Case 2
History. A 32-year-old man presented with severe headache and loss of consciousness. He was transferred to a regional hospital and the CT on admission revealed a subarachnoid hemorrhage located mainly in the periphery of mesencepahlic cistern (Fisher group 2). Cerebral angiography, including vertebral injection, did not show any abnormal vascular lesions. Over the next two days, the patient recovered fully and was neurologically intact.
Examination. Two months later this patient was transferred to our hospital in order to explore the source of the subarachnoid hemorrhage. On admission, the patient was neurologically intact. An axial T2-weighted image of MR at the level of the right mesencephalon showed only a heterogeneous hyperintense lesion suggesting the existence of hemosiderin and methemoglobin.
Operation and Postoperative Course. Under general anesthesia in the DSA suite, the patient first underwent cerebral angiography and this selective angiography showed no abnormal vascular lesion ( figure 2A,B) . A subsequent superselective angiography using a 1.5 French microcatheter (Spinnaker; Boston Scientific, Fremont CA) into a small feeding artery originating from the medial division of the left superior cerebellar artery finally revealed a micro-AVM draining into the superior cerebellar vein and precentral cerebellar vein ( figure 2C,D) .
After confirmation of this early venous filling with superselective angiography, a total of 1.0 ml of contrast material with suspended 45-15011 m polyvinyl alcohol (PVA) particles was intermittently injected and early venous filling was eliminated. (figure 2E). The patient recovered fully without any neurological deficit and postoperative MRI examination revealed no evidence of abnormal lesions except for the deposition of hemosiderin in the mesencephalon. No re bleeding was observed in follow-up evaluation at 30 months.
Case 3
History. A 15-year-old male presented with a first epileptic attack and loss of consciousness. He was transferred to a regional hospital and the CT on admission revealed a massive intracerebral hemorrhage at the trigonal part of left figure  3D ). However, supers elective angiography using a 1.5 French microcatheter (Spinnaker; Boston Scientific, Fremont CA) into a posterior hippocampal branch originating from the left P3 segment revealed a small but remarkable early venous filling draining into the medial atrial vein and finally into the vein of Galen confirming the presence of a micro-arteriovenous fistula composed of a single feeder and single draining vein ( figure 3E,F) . Subsequently, a total 1.4 ml of contrast material with suspended 45-15011 m polyvinyl alcohol (PVA) particles was injected intermittently and early venous filling was eliminated ( figure 3G ). The patient fully recovered without any newly neurological deficit and postoperative MRI examination revealed no evidence of abnormal lesions except for the initial hematoma. No rebleeding was observed in follow-up evaluation at 11 months.
Discussion
The designation "cryptic arteriovenous malformation" (AVM) was first given in 1956 by Crawford and Russel 5 to a cluster of abnormal arteriovenous connections measuring less than 2 to 3 cm maximum. In 1980, Schlahter et al 16 reported a case that presented a right parietal hematoma and a left tentorial AVM. Although no vascular lesion was seen around the hematoma on an angiography, the existence of a small AVM was proven pathologically in the evacuated hematoma.
Arteriovenous malformation is usually defined by early venous filling on conventional angiography. However, if the malformation presents with hemorrhage, its precise vascular
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A c 308 structure is compressed by the hematoma and intranidal vascular resistance increases. Therefore, its venous drainage might be delayed and this type of small AVM may become a so-called angiographically occult AVM that means anatomically present but angiographically invisible. These occult vascular malformations are not the benign entity they were previously thought to be because they can cause recurrent hemorrhages and persistent neurological deficits 7,8.11 ,12,13,14,17,22 . Additionally, some of the cases that present with subarachnoid hemorrh age (SAH) of unknown origin, frequently observed as a perimesencephalic SAH, might be also categorized to this group of angiographically occult AVM.
Modern sophisticated micro catheter techniques under high resolution digital subtraction angiography can provide the ability to diagnose micro-AVMs that can be embolized with particle PV A 2,19.20,21. The decision to use microparticles of PV A instead of NBCA (N-Butyl Cyano Acrylate) in all three cases was based on following observations; 1. The tip of the micro catheter was positioned within the terminal segment of the feeding artery but still outside the nidus. The microcatheter could not be advanced further due to the small diameter of the feeding artery. On superselective angiography parenchymal stain was observed but appeared later than the opacification of the shunt. Therefore, there was 2. The flow through the shunt was relatively slow with rather prolonged visualization of the small early draining vein.
3. No arterial or venous pseudo-aneurysm was present in the nidus, which would represent a contraindication to the use of microparticles.
Use of even highly diluted NBCA would result in occlusion of the terminal segment of the feeding artery, which was also supplying nor-G mal brain parenchyma in the VICInIty of the shunt. Therefore, the decision to use microparticles of PV A was taken. With preferential flow towards the shunt small sunspots of PVA-microp articles that are 45-15011 m in size were intermittently injected in order to obliterate the venous side of the shunt first. This was evident fluoroscopically by progressively later appearing draining vein. This mode of injection was continued until also the arterial side of the shunt was obliterated and the draining vein was no longer visible, indicating occlusion of the shunt.
If the micro-AVM has a relatively high flow shunt and low vascular resistance of its vascular component, NBCA (N-Butyl Cyano Acrylate) must be chosen as an embolic material to eliminate this shunt. However, such an AVM con- sisting of relatively high flow shunt can be seen on the selective angiography.
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Although it is necessary to follow the patient with serial angiography, superselective angiography and embolization allow the immediate treatment of malformations with an acceptably low risk of morbidity and mortality related to endovascular procedure.
Conclusion
Supers elective angiography and embolization for occult arteriovenous malformations (AVMs) are safe and effective for prevention of rebleeding. In patients presenting with intracerebral bleeding and negative conventional angiography, further investigation including superselective angiography is recommended. 
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